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SECTION 1

INTRODUCTION

The molecular thermal emission model in ROSCOE is documented in Volume
28, MoZecuar Band Models for Thermal and Optically Purped Emissions. Thermal
emissions arise under conditions of local thermodynamic equilibrium (LTE). These
conditions occur when collisions are sufficiently frequent to maintain equilibrium.
The use of Kirchhoff's law to obtain emission from absorption, which applies in
this situation, is discussed in Volume 31, Sight Path Integration.

The original model covered only the 2- to 5-micron region (SWIR). The
present work expands the data base used by the model to LWIR wavelengths. Band
model parameters are now provided for the 2- to 100-micron spectral range. In ad-
dition parameters for metal oxides have been added and parameters for certain
other molecules have been upgraded.

Section 2 documents the sources used for the revised parameter set as a
function of species, wavelength and temperature. In addition the weak line and
strong line parameters (describing absorption in optically thin and thick regions
respectively) are shown graphically at temperatures of 300 and 3000 K.

PRECEDUdG PAMK MAW~-aNoT FILMJ
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SECTION 2

LTE MOLECULAR BAND SHAPES

MODEL IMPLEMENTATION IN ROSCOE

The ROSCOE model for LiE (local thermodynamic equilibrium) molecular band
emission and absorption is documented in Reference 2-I. In its original form the
model was developed only for the SWIR spectral region between 2001 and 5000 cm- 1

(2 to 5 microns). In the present effort, the spectral coverage of the model was ex-
tended to the LWIR. This was accomplished primarily by augmenting the data base con-
taining weak line and strong line parameters for the molecular species of interest.

The revised data tape contains parameters for the species listed in Table
2-1. The spectral coverage now extends from 100 to 5000 cm - 1 (2 to 10)0 microns).
The data base, however, does not contain contributions from pure rotational bands
of several species, which are important at wavelengths beyond 25 microns. ([he
pure rotational contributions of titO are included in the data base; these are im-
portant at wavelengths shorter than 25 microns.) Therefore, the revised data base
can be used with confidence in the wavelength region between 2 and 25 microns.
Other aspects of the data tape, such as the 5 cm - 1 wave number resolution and the
200 to 7000 K temperature coverage, remain unchanged from Reference 2-1.

Although band model parameters have been provided for 19 species in the
new data set, thermal emission and absorption in ROSCOE are still calculated only
for the 10 species originally included in the code (denoted by "a" in the last col-
umn of Table 2-1). Since the parameters for other species (primarily metal oxides)
were available on the WOE II data tape (Reference 2-2), the\, ,ere incorporated into
ROSCOE for use at a future time when concentrations of these additional species may
be calculated.

The Lorentz hal f-width for pressure-broadened molecular lines is required
by the ROSCOE LTE band model. The Lorentz half-width used in the revised model,
OL(STP) on page 12 of Reference 2-1, can be determined from Table 2-1 according to
the relation

iiaJ STP) = (X (T r./7 (- 1)

Values for oL(T and 1' are given in Table 2-1.
1, rTf) ref

MOLECULAR BAND SHAPE PARAMETERS

The development of the molecular band shape parameter data set used in
the revised ROSCOE model has been described in Section 0 of Reference 2-2. Table
2-2, taken from Reference 2-2, summarizes the sources of data used in the model.

The revised parameters generated according to the procedure described in
Reference 2-2 have not been previously published. Graphical representations of
these parameters at two selected temperatures (3011 and 3000 K) are therefore included

6



Table 2-1. Lorentz half-width parameters.

Seis ai (TTSource
Species LTref) Tref (See Notes)

AZO 0.04 300 b

CH4  0.06 273 a

CO 0.06 273 a

CO2  0.07 273 a

CuO 0.04 300 b

FeO 0.04 300 b

H20 0.04 273 a

HNO 3  0.05 273 c

LiO 0.04 300 b

MgO 0.04 300 b

NO 0.04 273 a

NO+  0.04 273 a

N20 0.08 273 a

NO2  0.10 273 a

OH 0.06 273 a

03 0.11 273 a

SiO 0.04 300 b

TiO 0.04 300 b

UO 0.04 300 b

Notes:

aunchanged from Reference 2-1.

bSee Section 5 of Reference 2-3.

cReference 2-4.

as Figures 2-1 to 2-38. The data compilation consists of the two parameters,

" SOD, the average line strength

" DEI, the reciprocal of the effective line spacing,

which are defined explicitly in Equations 2-7 and 2-8 of Reference 2-1.

Figures 2-1 through 2-38 show the weak line parameters

SOD

and the strong line parameters

7



Table 2-2. Sources of LTE band shape data.

Species_ Spectral Range (cm __1 __)___

Seis400 2000 2000 -5000 5000+

Diatomics D D/R D

Metal oxides 0 D

NO 2, 03 T T/R

N2 0,CH-4 (T < 500 K) A A/R

N 20 (T > 500 K) B/WF B/WF

C0 2 (T <500 K) T T A

CO 2 (T >500 K) T T

H 20 (T - 500 K) A A/R A/WA

H 20 (T > 500 K) L/WF L/R L/WF

HNO 3(T < 300 K) G

Notes:

D =DATE (Diatomic Thermal Emission) code (Reference ?7-3)

R =Data same as ROSCOF-IR (Reference 2-1)

T = TATE (Triatomic Thermal Emission) code (Reference 2-3)

A =AFGL line-by-line data tape (Reference 2-5)

B =Boxcar (rectangular) band shape

UF =Retained old WOE fireball model (Reference ('-6)

WA = Retained old WOE ambient model (Reference 2~-7)

L = Data obtained by Ludwig, et al (Reference 2-8)

G =Data obtained by Goldman, et al (Reference '-4).

for each mol1ecu le for the t emperatutres S00 and 53000 K. IIn each Case the curveCs
Sabe led "I"' rep resent the 30(1 K valu te, ai.id the curves 1label ed "2' repre-sent the
3000 K value. The Lorentz hal f-width mti is determinedk accor'di ni to

1,

o ,= a(T)/7/ 1 (2-2)

(Trhe weak line parameter descri bcs absorpt ion for opt icall y thin paths; the str1ong
l inc parameter describes absorptijon for thick paths.. In particular, the st rong
l ine parameter defines the square root region of the cuirve of growth for a Stat is-
t ical1 hand.) Parameter va lues less than ()- ire not shown in the figures; hori-

zotllines at l0n are artifacts of the plotting routine.
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